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June 1907. The Perturbations of Halley's Comet. 511 

publish at full length and with suitable explanations the entire 
calculation for one eclipse. If he will do this, I should be glad if 
he will select the eclipse of - 1123. This is a very important one, 
for his figures on M.N., lxvi. p. 414, indicate that the theoretical 
accelerations (Mr Nevill’s B) make this eclipse total near Babylon. 
My figures on M.N. , lxvi. p. 532, contradict this conclusion. 

As the foregoing remarks have brought me to the eclipse of 
Babylon, I may add— 

1. Mr King originally indicated the second half of the eleventh 
century b.c. as the probable date. He has recently discussed this 
eclipse very fully in the first volume of Chronicles concerning 
Early Babylonian Kings (Luzac k Co., 1907). 

2. According to my calculations, at 110 date in the summer 
months of either the eleventh or twelfth centuries b.c. except 
— 1062 July 31 could the Babylonians have seen any phenomenon 
answering to the words of the inscription quoted on M.N., lxv. 
p. 861. 

3. Mr King, though he dislikes the equation, Sivan 26 = July 
31, does not reject it. I see no alternative to accepting it. 


The Perturbations of Halley's Comet. By P. H. Cowell 
and A. C. D. Crommelin. 

The action of Saturn is here considered. The calculations 
are similar in character to those for the action of Jupiter published 
on pp. 386-411. 

The differential equations given on p. 386 are again applicable. 
In the value of e x on that page the square root should be omitted, 
so that we have 

e x — — (1 - e 2 ) sin u cos u. 

Table I., pp. 387-390, is again applicable. The tabulated 
values of e x are correct. 

The V = V 3 + V 4 method explained on p. 391 is again intro¬ 
duced at #=90° and dropped at u=2’jo°. V 4 would be the 
disturbing function if the motion were referred to the centre 
of gravity of the Sun and disturbing planet. Hence V 3 = V- V 4 
is the change in the disturbing function that would arise from a 
displacement of the origin of co-ordinates. This consideration 
gave us -the assurance, a priori , that the differential equations 
depending on V 8 would be integrable. 

The positions of Saturn have been taken from a table with 
argument g mean anomaly of Saturn similar to Table II., pp. 
394-401. The table is not printed here, but it is based upon 
the following assumptions and formulas. 
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For Saturn e = *05607, hence 

+ (^1 - cos p' + - ^e' 3 ^ cos zg 4* $e 2 cos 3/ + -e ' 8 cos 4 g 

a 2 \ 8 / \2 3 / 8 3 

= cos#' - *084 105 - -ooi 179 cos g 4- *027 976 cos 2g + ’oo 1 1790033// 

4 - ‘ooo 059 cos 4 g 


^ 1 - s ^ n 9 + ---sin 2g + |e' 2 sin3/ 4- ~e z sin 4/ 

= sinpr / -*ooi 965 sin <7' + '027 962 sin 2 g l 4 *ooi 1793^3// 

4- -ooo 059 sin 4 g 


Also 

g — 11 2°*09 4- i 44°*8437 nt 

a' _ Q 
— = 539 8 42 
a 

Also let NC6? be the comet’s orbit, YCS the ecliptic of 1850, 
Nsr'S the orbit of Saturn, 

TC = 55°5o' Cgt=iii°o' NCS=i7°46' 

TS=ii2°2i' Strr'= -22 0 i 4 ' CSN = 2° 3 o' 

Hence NC = 6° 20' N^=ii7 0 2o' 

NS = 50° 31' Net'= 28° 17' 

CNS= 180 0 - 19 0 15', 

and hence 
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We have performed the mechanical quadratures with intervals 
da — 2 0 . With this value of du r 

a \ 3 t / 

—) du ='222 920 + '037 453 cos g' + *003 139 cos 2g + ‘000 259 cos 3/ 

Table III. (the enumeration being the same as on pp. 402- 
404) gives the disturbing forces. 
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Table III. 


First Quadrant. Unit o’oooi. 
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Messrs Cowell and Crommelin , 
T^ble III .— continued . 


LXVII. 8, 


Third Quadrant. Unit o *ooo i. 


Fourth Quadrant. Unit croooi. 
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Table IV. gives for argument 
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^uauiouuico iui tue seuunu anu inira quadrants 
require to be supplemented by the definite integrals arising from V 3 . 
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Table IV. 

First Quadrant. 
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Table IV.— ccmtinued. 
Second Quadrant. 
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Table IV.— continued. 

Third Quadrant. V 4 only. 


u 

i dn 
ml n 

—, de 
m 

- 7 , edzsr — - 
m ml 


I 

ml n 
x (27r - nt) 

269 

~ *0455 

+ •0015 

- *0022 

+ -0333 

- *028 

2 67 

•0426 

•OOII 

•0033 

•0327 

•028 

265 

•0392 

•0007 

•0043 

•0316 

•027 

263 

•0353 

+ *0003 

•0050 

•0297 

•026 

26l 

•0314 

- ’OOOI 

•0056 

•0275 

•024 

259 

•0275 

•0004 

•0060 

•0250 

*022 

257 

•0237 

•0007 

•0061 

•0223 

*020 

255 

•0192 

•0009 

•0061 

•0186 

*Ol8 

253 

•0155 

*0012 

•0060 

•0152 

•015 

251 

*0120 

•0013 

•0056 

•0118 

*012 

249 

•0084 

*0015 

•0052 

•0077 

•009 

247 

•0048 

•0014 

*0044 

+ ’0033 

•005 

245 

- *0020 

•0015 

•0038 

- *0003 

- -002 

243 

+ ’0004 

•0014 

•0032 

•0038 

•OOO 

24I 

•0026 

*0012 

*0021 

•0069 

+ *003 

239 

•OO42 

•0009 

*0012 

•0096 

•005 

237 

•OO53 

*0006 

- *0002 

•0114 

•007 

235 

•0062 

- 0002 

+ *0009 

•0128 

•OO9 

233 

•0060 

+ ’0002 

•0015 

•0123 

•OO9 

231 

•0055 

•0007 

•OO23 

•0111 

O 

O 

00 

229 

•OO4I 

*0010 

•0026 

•0071 

*006 

227 

•0023 

•OOI4 

•0027 

- *0021 

+ *004 

225 

+ "OOOI 

*OOl6 

•0024 

+ *0042 

•000 

223 

- -0023 

•0015 

•0015 

•OI 11 

- *004 

221 

•0045 

•0013 

+ *0005 

•0177 

•006 

219 

•0059 

+ -0008 

- '0007 

*0220 

•on 

217 

•0065 

- ’OOOI 

•0019 

•0225 

•012 

215 

•0062 

•0008 

•0026 

*0207 

*012 

213 

•0047 

•0012 

‘0026 

•0150 

•OIO 

211 

•0032 

•0014 

•6022 

•0085 

•007 

209 

•0016 

•0013 

•0015 

+ *0020 

•OO3 

207 

- *0005 

*ODI 2 

•0009 

- *0027 

- ‘OOI 

205 

+ *0004 

•0007 

- *0002 

•0059 

+ *OOI 

203 

•0011 

- -0003 

+ *0004 

*008o 

•003 

201 

*0012 

+ *OOOI 

•0006 

•0072 

•003 

199 

*0011 • 

•OOO3 

•0007 

•0065 

•003 

197 

•00O9 

•0006 

•0006 

•OO42 

•002 

195 

,•0007 

•0007 

•0005 

- *0013 

•002 

193 

•0005 

•0007 

+ *0003 

+ *0002 

*OOI 

191 

'0002 

•0007 

- ’OOOI 

•OO39 

+ *OOI 

189 

+ -OOOI 

*0006 

•0003 

•OO7O 

•OOO 

187 

•0000 

•0005 

•0005 

•OO93 

•OOO 

185 

- -OOOI 

+ *0003 

•0006 

•OIOO 

•000 

183 

*0002 

• 0 OOO 

•0007 

*0I08 

- ’OOI 

181 

- *0003 

- *0002 

- *0007 

+ *0108 

- *OOI 

Sums, 

- ’3002 

- *0039 

- -0683 

+ *3212 

- '237 
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5*8 Messrs Cowell and Crommelm, lxvii. 8 , 


Table IV.— continued. 
Fourth Quadrant. 


u 

o 

1 dn 
ml n 

le 

ml 

^n' ed7Z 

de dnrf .. 

ml ml 

1 dn 

- e 2 )} ml n 

X( 27 T-nt) 

359 

+ ’0034 

- 0001 

+ ’OOOI 

•OOOO 

•000 

357 

*0070 

•0001 

'OOOI 

'OOOO 

*ooo 

355 

*OI 11 

•0002 

•OOOI 

•OOOO 

•000 

353 

•OI44 

•OOO3 

*0002 

*0000 

•OOO 

35 i 

•0172 

•OOO4 

'OOOI 

- ’OOOI 

•OOO 

349 

•OI90 

•OOO4 

+ ‘OOOI 

*oooi 

•OOO 

347 

*0196 

*0004 

- ‘OOOI 

•0002 

•OOO 

345 

•Ol86 

•0005 

1 *0003 

•0003 

•000 

343 

•0156 

•0004 

*0007 

•0004 

•OOO 

34 i 

'0102 

•0003 

*0012 

•0005 

•000 

339 

-f *0019 

- *OOOI 

•0020 

•0005 

•OOO 

337 

- *0091 

+ 'OOOI 

•OO3O 

•0006 

•OOO 

335 

•0228 

*0003 

•OO4I 

•0005 

- *OOI 

333 

•O39I 

•0005 

•OO54 

- ’0002 

•OOI 

33 1 

•0570 

*0008 

•OO67 

+ '0003 

•002 

329 

•0767 

•0012 

*0080 

•OOII 

•003 

3 2 7 

•O939 

•0016 

•OO89 

•OO23 

•005 

325 

•IIO3 

•0019 

•OO94 

•0037 

•006 

323 

•I23O 

•0022 

•OO92 

•OO55 

•008 

321 

T318 

*0025 

•O083 

•OO75 

•009 

3 i 9 

•1355 

•0027 

•0065 

•OO96 

•Oil 

.317 

■1339 

•0029 

•OO4O 

•OIl6 

•012 

3 i 5 

•I273 

•0032 

- '0006 

*0135 

•013 

3 i 3 

•1159 

•0034 

+ •0035 

•0150 

•013 

3 “ 

•IOIO 

•0037 

•0081 

•0l60 

•013 

309 

•0824 

•0039 

•0132 

•OI64 

*oii 

3°7 

•0612 

•0041 

•0187 

•0160 

•009 

305 

•0380 

•0043 

•0243 

•OI49 

•006 

3°3 

- *0144 

•0046 

•0299 

•0128 

- *003 

3 QI 

+ *0106 

•0048 

•°355 

'OO99 

+ ’002 

299 

•0361 

•0052 

•0409 

•OO56 

•008 

297 

•0611 

•0054 

•0461 

+ ’0005 

•015 

295 

•0857 

•0057 

0506 

- *0059 

*022 

293 

•IIOI 

•0060 

d 

0-1 

4 ^ 

00 

•0136 

•031 

291 

•1335 

•0061 

•0584 

•0226 

•040 

289 

•1556 

•0062 

•0613 

•0327 

•051 

287 

•1760 

•0062 

•0633 

•0441 

•062 

285 

•1956 

•0061 

•0647 

•0567 

•073 

283 

•2132 

•0058 

•0650 

■0707 

•086 

281 

•2287 

•0053 

•0644 

•0855 

•098 

279 

•2417 

•0047 

•0626 

•IOIO 

•III 

2 77 

•2528 

•0038 

*0597 

•1175 

•123 

275 

•2611 

•0027 

•0556 

‘ I 345 

•136 

273 

•2669 

+ ‘0013 

•0504 

• m i 5*7 

•147 

271 

+ *2700 

- ’0004 

+ '0440 

- *1688 

+ *158 

Sums, 

+1 '3634 

+ ‘1156 

+ ’8973 

- -8465 

+ 1*037 
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June 1907. The Perturbations of Halley's Comet. 


519 


In order to calculate the definite integrals arising from V 3 for 
u = 90°, 180 0 , and 270° (the middle value is given in addition to 
what is strictly necessary, in order to give the results for the 
second and third quadrants separately), the quantities given in the 
first half of p. 409 are applicable. 

We have in addition— 



u = go° 

w=i8o® 

u = 270° 

g' 

199 ° *52 

207 °*i 3 

2 i 4°*74 

x' 

* a 

+ ’524 

+ -536 

+ *540 

l 

a 

+ 175 

- *110 

+ *043 

i dx' 
na dt 

+ -310 

+ * x 49 

+ *OOI 

_L d t 

na dt 

- 1*222 

- 1 *263 

-1 *285 

-V - [dn 

m n J 

-0*68 

-1*598 

-1 *40 

b /* 

-0*387 

- 0*665 

-o’ 35 i 

b e ( ds> 

+1*16 

-0*094 

-1*36 

b i J d f+V(i-« 2 ) Jda - 




+ 3 ’ 3 2 

+ o*6oo 

- 2*76 


Hence 

Quadrant. 

I. 

II. 

II. 

III. 

III. 

IV. 


1,-1 dm 
m n 


- dn ~ I de 

J 


V . 

V 4 ■ 

y 3 • 
y 4 . 
v 3 . 
y . 

Sum 


+ o*oi 63 
+ 0*27 82 
-0*92 
-0*30 02 
-j- 0*18 
+ 1*36 34 
+ 0*62 


-0-17 44 
-0*00 96 
-0*27 8 
-o*oo 39 
+ 0-31 4 
+ 0*11 56 
-0*03 6 


Substituting 


m' 


—/ ed® 

mJ 

+ o*86 04 
-0*02 89 

- [-25 
-0*06 83 

- 1 ’27 

+ 0*89 73 
-o-86 


35 QI ’ 6 

I dn — + *ooo 177 jde =-'000010 

De Pont^coulant’s results are 

+ *ooo 129 - ‘ooi 105 


d®= - ’ooo 254 
radians. 


- ’ooo 230 
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520 

The Perturbations of Halley's Cornet. 

LXYII. 8, 

To calculate jd£ 




Quadrant 

-L 

m J n 

JeZe jd® 
w! m' 

| i-V( 1-e 2 ) } 

e^d® 

m' 

I. 

+ 0*674 

- 

•3° 95 

+ *86 04 

II. 

+1 *524 

+ 

•31 75 

- *02 89 

III. 

-0*237 

+ 

•32 12 

- *06 83 

IV. 

+ 1*037 

- 

•84 65 

+ *89 73 

Sums 

+ 2*998 

- 

•5i 73 

+ 1 *66 05 


Hence -Lj d£ (mechanical quadratures only) 

= + 2*998 - 0*517 - *436 = + 2*05 

Again 

14=270° 

+ . . . =-6-o8 

14 = 90 ° 



between limits 


= + o*66 


1 27 r — nt 


m 


n 


' f 

Idn at upper limit = - 1*40 x 0*6036 


= -0*85 


- ditto at lower limit = - ( - o*68) x 5*6796 . . = + 3*86 

Sum - 2*41 


Hence / d£ (V« only) = -2*41 
m J 

— f jdl= -0*36 (complete value), 


or putting m =- 

35 oi ‘6 

Jd£= -• 000 103 radians. 

De Pont^coulant gives - *000628 radians. 

Hence his value of the next perihelion passage, considering 
the action of Saturn only, is two days later than ours. De 
Pont^coulant’s eccentricity is again certainly in error ; presumably 
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June 1907. Observations of Comets d> e , and g 1906. 521 

the same (or approximately the same) factor has been omitted as 
in the case of Jupiter. 


Errata in ‘previous Paper. 

Page 386, e x = - (1 - e 2 ) sin u cos //. 

Page 393, read f for y in the value of -- . 

a 

Page 411, second line, read -0*001:129 f or 
hence, third line, read +0*147631 for + 0-148487, 

Jd£= + *15506 for + ‘15592 radians. 

Last line, for thirteen days read nine days. 


0*000273; 


Observations of Comets d , e, and g 190 6, from Photographs taken 
with the ^0-inch Reflector of the Thompson Equatorial at the 
Royal Observatory , Greenwich . 

(Communicated'by the Astronomer Royal.) 

The following positions of Comets d , e, and <7, 1906, were obtained 
from photographs taken with the 30-inch Reflector. 

The plates were measured with the astrographic micrometer. 
Six reference stars were, as a rule, measured with the Comet, their 
positions being derived when possible from the Catalogues of the 
Astronomische Gesellschaft. 

The positions given are not corrected for Parallax, 
log Parallax Correction = log Parallax Factor-log A. 

Comet d 1906. 


Date and G.M.T. 


Apparent R.A. 

Apparent Dec. 

Log. Parallax Factor. 


i 

906. 









R.A. 

Dec. 

July 

d 

h 

m 

s 

h 

m 

s 

O 

/ 

// 



25 

13 

59 

38 

0 

43 

3075 

- 8 

58 

20*3 

- 9‘358 

+ 0*872 


31 

14 

7 

57 

I 

35 

5‘93 

- 4 

19 

2*5 

" 9*399 

+ 0-854 

Aug. 

I 

14 

5 

57 

I 

44 

7*o8 

- 3 

27 

42*2 

- 9*412 

+ 0*850 


3 

13 

59 

54 

2 

2 

21 *04 

- 1 

42 

587 

-9*442 

+ 0-843 


3 


21 

36 

2 

2 

29*32 

- 1 

42 

11*0 

-9402 

+ 0*843 


4 

13 

53 

12 

2 

ii 

30 *43 

- 0 

49 

56-6 

-9 459 

+ 0-839 


4 

14 

8 

10 

2 

11 

36-04 

- 0 

49 

19-2 

- 9+36 

+ 0*839 


14 

14 

11 

10 

3 

40 

3613 

+ 7 

37 

579 

- 9-504 

+ 0*808 


15 

14 

23 

15 

3 

48 

52*33 

+ 8 

22 

15*6 

- 9-496 

+ 0-803 


19 

14 

55 

33 

4 

19 

59-80 

+ 11 

1 

30-2 

- 9*477 

+ 0*786 


27 

14 

17 

43 

.5 

12 

4071 

+ 14 

56 

147 

- 9*547 

+ 0-785 


28 

14 

21 

16 

5 

18 

3°’ 2 5 

+ 15 

19 

1 ‘4 

- 9-547 

+ 0*783 

Sept. 

1 

14 

48 

29 

5 

40 

1679 

+16 

37 

58*2 

- 9 * 53 ° 

+ 0*767 


25 

15 

16 

08 

. 7 

13 

1 1*97 

+ 20 

10 

58-4 

- 9‘565 

+ 0763 


26 

14 

49 

5 

7 

16 

1 ‘49 

+ 20 

14 

I2'5 

- 9*537 

+ 0*743 

Oct. 

16 

15 

33 

34 

8 

1 

39-08 

+ 20 

49 

14-0 

-9421 

+ 0*696 


27 

16 

39 

11 

8 

17 

18*34 

+ 21 

5 

31*8 

-9-106 

+ 0*656 
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